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METHOD FOR FORMING INTEGRATED
CIRCUIT DEVICE USING CELL LIBRARY
WITH SOFT ERROR RESISTANT LOGIC
CELLS

FIELD OF THE INVENTION

The present invention relates to the field of semiconductor
devices. More specifically, the present mvention relates to
semiconductor devices and methods for forming semicon-
ductor devices.

BACKGROUND ART

When high energy particles such as alpha particles pass
through semiconductor devices they can cause soit errors to
occur. Soft errors are particularly problematic in memory
devices such as DRAM and SRAM memory cells. When a
high energy particle passes through a node of a memory cell
that 1s storing charge (e.g., a DRAM or SRAM memory cell),
if the energy of the particle 1s sulfficiently strong or if the
capacitance 1s too small, the node can be effectively dis-
charged. This can reverse the stored logic state of the memory
cell (e.g., the cell can be thipped from storing a logic “1” to a
logic “0”"). The resulting error 1s typically referred to as a “soft
error.”

The 1ssue of soft errors in memory cells has been studied in
depth and many solutions have been developed for decreasing
the soft error rate of memory cells. However, high energy
particles can also cause soft errors in logic devices. The
movement toward higher device densities and lower device
voltages has led to a corresponding increase 1n likelihood for
soit errors to occur 1n logic devices.

During the design of a semiconductor device, cells from a
cell library are combined to form a design that performs the
desired function. Though conventional standard cell libraries
include numerous devices, some of which will have higher
soit error rate than others, 1t 1s difficult to design logic that has
high soft error resistance. More particularly, since the cells 1in
standard cell libraries are typically designed for speed and not
soit error resistance, the standard cell library may not include
a particular type of logic device having the desired soit error
resistance.

Accordingly, there 1s a need for a cell library that allows for
casily forming designs having increased soit error resistance.
Also, there 1s a need for a method and apparatus that reduce
the occurrence of soft errors 1n logic devices. The method and
apparatus of the present invention meets the above needs.

DISCLOSURE OF THE INVENTION

A cell library 1s disclosed that includes soit error resistant
logic cells. By including soit error resistant logic cells 1n the
cell library, integrated circuit designs can be easily formed
having increased soft error resistance.

Methods for forming integrated circuit devices are dis-
closed 1n which both standard logic cells and soft error resis-
tant logic cells are used to form soft error resistant designs. In
one method a first integrated circuit design 1s formed using
standard logic cells. An 1terative process 1s then performed 1n
which standard logic cells are replaced with high soft error
resistant logic cells 1n a way that does not increase the delay
of the critical path.

In the present embodiment the soft error resistant logic
cells have the same size as corresponding logic cells 1n the
standard cell library. Accordingly, the soft error resistant
design does not take up additional surface area on the semi-
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conductor substrate. These and other advantages of the
present ivention will no doubt become obvious to those of
ordinary skill in the art after having read the following
detailed description of the preferred embodiments, which are
illustrated 1n the various drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and form a part of this specification, i1llustrate embodiments
of the invention and, together with the description, serve to
explain the principles of the mvention.

FIG. 1 1s a diagram that 1llustrates cells of a standard cell
library that includes memory cells, a set of conventional logic
cells and a set of soit error resistant logic cells 1n accordance
with one embodiment of the present invention.

FI1G. 2 1s a diagram that shows an n-channel semiconductor
device and a p-channel semiconductor device that are formed
on a semiconductor substrate using a logic cell from a cell
library that includes both conventional logic cells and soft
error resistant logic cells 1n accordance with one embodiment
ol the present invention.

FIG. 3 1s a diagram that shows an n-channel semiconductor
device and a p-channel semiconductor device that are formed
on a semiconductor substrate using a soit error resistant logic
cell that corresponds to the conventional logic cell of FIG. 2
in accordance with one embodiment of the present invention.

FI1G. 4 1s a diagram that 1llustrates exemplary cells of a cell
library that includes memory cells, a set of conventional logic
cells and a set of soit error resistant logic cells 1n accordance
with one embodiment of the present invention.

FIG. 5 1s a flow chart that illustrates a method for forming
an integrated circuit design using a cell library that includes
conventional logic cells and soft error resistant logic cells 1n
accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Retference will now be made 1n detail to the preferred
embodiments of the invention, examples of which are 1llus-
trated 1n the accompanying drawings. While the invention
will be described 1n conjunction with the preferred embodi-
ments, 1t will be understood that they are not intended to limit
the mvention to these embodiments. On the contrary, the
invention 1s intended to cover alternatives, modifications and
equivalents, which may be included within the spirit and
scope of the mvention as defined by the appended claims.
Furthermore, in the following detailed description of the
present mvention, numerous specific details are set forth in
order to provide a thorough understanding of the present
invention. However, 1t will be obvious to one of ordinary skill
in the art that the present invention may be practiced without
these specific details. In other instances, well-known meth-
ods, procedures, components, and circuits have not been
described 1n detail so as not to unnecessarily obscure aspects
ol the present invention.

FIG. 1 shows some of the cells of a cell library 10 that can
be used for generating an integrated circuit design. Cell
library 10 includes logic cells 3a-4n, and cells 2a-2# that are
not logic cells. In the present embodiment cells 2a-2r are
memory cells such as SRAM or DRAM memory cells.

A first set of logic cells, shown as logic cells 3a-3n are
conventional logic cells, each of which performs a particular
logic function. Logic cells 3a-3» can be cells from an open
source cell library or a proprietary cell library and can include
logic cells that perform any of a number of different logic
functions. Cell library 10 also includes a second set of logic
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cells, shown as soft error resistant logic cells 4a-4n. Soft error
resistant logic cells 4a-4n are cells that have high soft error
resistance.

In the present embodiment each soft error resistant logic
cell 4a-4n performs the same function as a corresponding
conventional logic cell 3a-3» and has a higher soft error
resistance than the corresponding conventional logic cell
3a-3n» that performs the same logic function. More particu-
larly, soft error resistant logic cell 4a performs the same
function as conventional logic cell 3a and has higher soit error
resistance than logic cell 3a. Soft error resistant logic cell 45
performs the same function as conventional logic cell 45 and
has higher soit error resistance than logic cell 3b; and soft
error resistant logic cell 4¢ performs the same function as
conventional logic cell 3¢ and has higher soft error resistance
than logic cell 3¢. Similarly, soft error resistant logic cell 47
performs the same function as conventional logic cell 3» and
has higher soit error resistance than logic cell 3#. It 1s appre-
ciated that cell library 10 can include any number of memory
cells 2a-2n, conventional logic cells 3a-3» and soft error
resistant logic cells 4a-4n and can have more conventional
logic cells 3a-3» than soft error resistant logic cells 4a-4n. In
addition to performing the same function, in the present
embodiment corresponding logic cells have the same cell size
(both cell height and cell width). In addition, in one embodi-
ment some or all of the corresponding logic cells have the
same drive strength and the same voltage threshold.

Because each soit error resistant logic cell 4a-4» has a
higher soit error resistance than the corresponding conven-
tional logic cell 3a-3n, 1t will be less likely to sufler from a
solt-error-upset than a corresponding conventional logic cell
3a-3n, giving 1t a lower soft error rate than the soft error rate
of the corresponding conventional logic cell 3a-3x.

Cells from cell library 10 can be combined so as to obtain
an integrated circuit design. This can be done using high-level
logic that 1s converted into the desired integrated circuit
design using an automated process. Alternatively, some or all
of the design could be generated by manually selecting and
placing cells from cell library 10 to form the desired inte-
grated circuit design.

In one embodiment each soft error resistant logic cell
da-4n includes the same electronic components as the corre-
sponding conventional logic cell 3a-3n. Accordingly each
solt error resistant logic cells 4a-4n will not include any
additional electronic components as compared to 1ts corre-
sponding conventional logic cell 3a-3n. Alternatively, soft
error resistant logic cells 4a-4n can include additional elec-
tronic components such as capacitors or resistors to improve
soit error rate as long as the additional electronic components
can be added without increasing the cell size. Since the soft
error resistant logic cells of the present invention have the
same size as the corresponding logic cell, the methods and
apparatus of the present invention do not take up additional
surface area on the semiconductor substrate.

There are a variety of different methods that can be used to
form logic cells that have high soft error resistance. In one
embodiment only the implant processes of the cell are
changed. More particularly, either the doping concentration
or implant energy are changed, or additional implant process
steps are added, so as to form structures within the semicon-
ductor substrate that increase the cell’s resistance to soft
CITOrS.

In the embodiment that 1s 1llustrated 1n FIG. 2 a conven-
tional logic cell 3a 1s used 1n a semiconductor fabrication
process to form structure 12 on p-type semiconductor sub-
strate 30. Structure 12 includes p-channel device 36 and
n-channel device 37. P-channel device 36 includes gate elec-
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trode 38 and source and drain regions 32 that are formed in
n-well 33. N-channel device 37 includes gate electrode 39
and source and drain regions 32 that are formed 1n p-well 34.

In the embodiment that 1s 1llustrated 1n FIG. 3 a soft error
resistant logic cell 4a 1s used 1n a semiconductor fabrication
process so as to form structure 12a on semiconductor sub-
strate 30. In the present embodiment structure 124 1s formed
in the same manner as structure 12 except that an additional
implant process 1s performed so as to form deep n-well 40.
Deep n-well 40 extends under n-well 33 and p-well 34. The
portion of the n-type doped layer 40 that extends between
p-type well region 34 and the p-type semiconductor substrate
attracts electron-hole pairs formed by alpha particles, thereby
preventing soit errors. In addition, deep n-well 40 1solates
p-well 34 from p-substrate 30, reducing the charge collection
volume of p-well 34. More particularly, referring now to FIG.
2, without deep n-well 40, p-well 34 1s connected to p-sub-
strate 30 such that the whole substrate 30 can contribute to
free carriers. The addition of deep n-well 34 1solates p-well 34
from p-substrate 30, forming pockets of p-wells 34 having
reduced charge collection volume. This reduction 1in charge
collection volume reduces the soit error rate of device 12a.
Accordingly, structure 12a 1s a soft error resistant structure as
compared to structure 12, and i1t will have a lower soft error
rate than corresponding structure 12.

When the substrate 1s an n-type substrate and the logic
device includes a p-channel transistor having a p-doped stor-
age region formed in an n-type well, a p-type deep implant
can be used to increase the soft error resistance of the logic
cell. More particularly, a p-type implant 1s performed to form
a p-type doped region that extends between the n-type well
and the n-type substrate.

In one specific embodiment soit error resistant logic cells

are formed 1n the same manner as disclosed 1n U.S. Pat. No.
6,754,093 titled “CAM CIRCUIT WITH RADIATION

RESISTANCE” by Chuen-Der Lien, which is hereby incor-
porated by reference 1n its entirety. In this embodiment the
soit error resistant logic cells can either be formed using a
p-type implant or using a n-type implant, depending on the
type of substrate being used.

In another embodiment soft error resistant logic cells are
formed by 1ncreasing capacitance of existing structures in the
logic cell without increasing the logic cell size. This can be
done using any of a number of different techniques that are
well known 1n the art including, for example, adding addi-
tional trench capacitors or plate capacitors to the logic cell.
This forms a soft error resistant logic cell that has a higher
capacitance than the corresponding conventional logic cell.

In one embodiment the capacitance 1s increased by altering
the implant process steps so as to form a “Miller” capacitor
between the drain and gate electrode. According to the Miller
elfect, the effective capacitance of a Miller capacitor equals
the actual capacitance multiplied by the transistor gain. In one
embodiment an asymmetrical source/drain structure 1is
formed that includes a drain region that extends laterally
under the gate electrode to a distance greater than the source
region such that a non-parasitic capacitance exists between
the drain and gate electrode. The asymmetrical source/drain
structure can be formed in the same manner as disclosed 1n
U.S. Pat. No. 5,572,460 titled STATIC RANDOM-ACCESS
MEMORY CELL WITH CAPACITIVE COUPLING TO
REDUCE SENSITIVITY TO RADIATION, by Chuen-Der
Lien, which 1s hereby incorporated by reference 1n 1ts entirety.
By adding a Miller capacitor to the transistor(s) of the logic
cell, the soft error resistance of the logic cell 1s increased
without adding any additional electronic components to the
cell and without increasing the cell size.
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In another embodiment soit error resistant logic cells are
tormed by reducing the junction area pi the p-n junction using
techniques that are well known 1n the art.

FIG. 4 shows an exemplary cell library 20 that includes
logic cells 21a-2 and soft error resistant logic cells 22a-g.
Logic cells 21a-/ are conventional logic cells that are used to
perform various different logic functions. More particularly,
2-AND logic cell 21a 1s a two-input cell that performs an
“and” function, 2-NAND logic cell 215 1s a two-input cell that
performs a “not-and” function. Similarly, 2-OR logic cell 21c¢
1s a two-mput cell that performs an “or” function, 2-NOR
logic cell 21d 1s a two-input cell that performs a “not-or”
tfunction. Inverter logic cell 21e 1s a logic cell that inverts the
received input signal and 4-AND logic cell 21f1s a four-input
logic cell that performs an “and” function. In the present
embodiment logic cells 21a-21f are x1 drive strength and
2-NANDx2 logic cell 21¢g 1s a two-input NAND logic cell
with an x2 (double) drive strength. Logic cell 21/ 1s a

(2-NANDx3) two-mnput NAND logic cell with an x3 (triple)
drive strength.

Cell library 20 also includes soit error resistant logic cells
22a-g. Each soft error resistant logic cell 22a-g has a higher
soit error resistance than the corresponding conventional
logic cell 21a-g that performs the same logic function. More
particularly, soft error resistant 2-AND logic cell 21a 1s a
two-input cell that performs an “and” function and that has
higher soit error resistance than corresponding 2-AND logic
cell 21a. Soft error resistant 2-NAND cell 225 1s a two-1nput
cell that performs a “not-and” function and that has higher
soit error resistance than corresponding 2-NAND logic cell
21b. Similarly, soft error resistant 2-OR logic cell 22¢ 1s a
two-input cell that performs an “or” function and that has
higher soit error resistance than corresponding 2-OR logic
cell 21¢. Soft error resistant 2-NOR logic cell 224 1s a two-
input cell that performs a “not-or” function and that has
higher soft error resistance than corresponding 2-NOR logic
cell 21d. Soft error resistant INVERTER logic cell 22¢ 1s a
logic cell that inverts the recerved iput signal and that has
higher soft error resistance than corresponding INVERTER
logic cell 21e. Soft error resistant 4-AND logic cell 22f1s a
tour-input logic cell that performs an “and” function and that
has higher soft error resistance than corresponding 4-AND
logic cell 21/. In the present embodiment soit error resistant
logic cells 22a-22f are x1 drive strength and soft error resis-
tant 2-NANDx2 logic cell 22¢g 1s a two-1mnput cell that per-
forms a “not-and” function, having an x2 (double) drive
strength, that has higher soft error resistance than correspond-
ing 2-NANDx2 logic cell 21g.

In the present embodiment each soft error resistant cell
22a-g has the same size as the corresponding conventional
logic cell 21a-g that performs the same logic function. More
particularly, soft error resistant 2-AND logic cell 22a has the
same size as corresponding 2-AND logic cell 21a. Soft error
resistant 2-NAND logic cell 2256 has the same size as corre-
sponding 2-NAND logic cell 215. Also, soit error resistant
2-0OR logic cell 22¢ has the same size as corresponding 2-OR
logic cell 21¢; and soft error resistant 2-NOR logic cell 224
has the same size as corresponding 2-NOR logic cell 214d.
Similarly, soft error resistant INVERTER logic cell 22¢ has
the same size as corresponding INVERTER logic cell 21e;
soit error resistant 4-AND logic cell 22f has the same size as
corresponding 4-AND logic cell 21f; and soit error resistant
2-NANDx2 logic cell 22¢ has the same size as corresponding
2-NANDx2 logic cell 21g. Because each soft error resistant
logic cell 22a-g has the same size as the corresponding con-
ventional logic cell 21a-g, the use of soft error resistant cells
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22a-g1n place of conventional logic cells 21a-g does not take
up any more space on the surface of the fabricated semicon-
ductor water.

In addition to performing the same tunction and having the
same cell size, 1n one embodiment some or all of the corre-
sponding logic cells have the same drive strength and the
same voltage threshold.

In the present embodiment each soft error resistant logic
cell 22a-g 1s designated as being a soft error resistant cell and
conventional logic cells 21a-/ are not designated as being soft
error resistant cells. This designation can be included in the
cell name, 1n the definitions of individual cell properties or
otherwise 1n the cell library documentation. This designation
can be by indicating that the cell 1s “soit error resistant,” “soft
error hardened,” has a “low soft error rate,” etc.

Cells from cell library 20 can be combined either using an
automated program or manually to form an integrated circuit
design to be used for forming semiconductor devices. In the
embodiment shown 1n FIG. 5, a method for forming an nte-
grated circuit design 1s 1llustrated 1n which the design 1s first
generated (step 101) using conventional logic cells and
memory cells from a cell library. For example, using cell
library 20, conventional logic cells 21a-/2 and memory cells
2a-2n are combined so as to form an 1mitial integrated circuit
design. In addition, the mtegrated circuit design can include
custom or standard memory components that are not included
in the cell library such as, for example, a custom memory
core. This mitial integrated circuit design will not include any
solt error resistant logic cells 22a-22¢. The design 1s then
tested as shown by step 102 to determine timing of the critical
path. Any of a number of different testing methods, which are
well known 1n the art, can be used to determine critical path.
In the present embodiment a netlist 1s generated from the
initial integrated circuit design and an automated computer
testing program 1s run on the netlist to determine timing of the
critical path.

Some of the cells 1 the initial integrated circuit design are
then replaced with corresponding soft error resistant logic
cells from the cell library as shown by step 103. In the
embodiment of FIG. 2, some of logic cells 21a-21g are
replaced by a corresponding soft error resistant logic cell
22a-g. For example, when the initial integrated circuit design
includes 2-AND logic cells 21a, some of the 2-AND logic
cells 21a can be replaced with 2-AND soit error resistant
logic cells 22a. Though this replacement could be done
manually, in the present embodiment a computer program 1s
used that automatically replaces conventional cells 21a-g
with soft error resistant logic cells 22a-g. Because the result-
ing soit error resistant design includes soft error resistant cells
22a-g 1t will have a higher soft error resistance than the nitial
design.

The resulting soit error resistant design 1s then tested as
shown by step 104 to determine timing of the critical path. If
the cell replacement of step 103 does not increase the timing
of the critical path more replacements are made as shown by
arrow 140 and step 105. The new soft error resistant design 1s
then tested as shown by step 104 to determine timing of the
critical path. This process 1s repeated as shown by arrow 140
and steps 103-1035 as long as the replacement process does not
impact the timing of the critical path, with each replacement
generating a solt error resistant design that has higher soft
error resistance than the previous design.

When step 105 indicates that the replacement process of
step 103 has increased the timing of the critical path, the
replacement process 1s continued as shown by steps 106-108
using the previous soit error resistant design. More particu-
larly, when the replacement process of step 103 results 1n a
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solt error resistant design that increases the timing of the
critical path (reducing the device speed), the resulting soft
error resistant design 1s no longer used. Instead, as shown by
step 106, the process reverts to the previous soft error resistant
design. Because this previous soft error resistant design did
not result in an 1ncrease 1n critical path timing, the required
critical path timing will be maintained. The replacement pro-
cess then continues as shown by steps 107 and 108 using
altered replacement criteria. In the present embodiment the
replacement criteria are altered by not replacing some or all of
the cells that resulted 1n the increase 1n critical path timing,
(those cells that were replaced 1n the previous step 103).
Accordingly, in each subsequent iteration the cells that result
in the increase 1n critical path timing are eliminated from the
replacement process, resulting 1n subsequent soit error resis-
tant designs having improved soft error resistance.

In one embodiment the replacement criteria are altered by
not replacing any of the cells that resulted in the timing
increase 1n the critical path (those cells that were replaced 1n
the previous step 103) in subsequent replacement steps 103.
Accordingly, in each subsequent iteration the cells that
resulted in the increase in critical path timing are eliminated
from the replacement process, creating subsequent soit error
resistant designs having improved soit error resistance that do
not negatively impact device speed.

Once the end criteria of step 107 have been met the process
ends as shown by step 109. In one embodiment the end
criteria 1s based on whether or not all cells have been tested.
IT all cells have not yet been tested the process continues until
all cells have been tested. This produces a soft error resistant
design 1 which all cells that do not result 1n changes to
critical path timing are replaced and all cells that increase
timing of the critical path timing are not replaced. The result-
ing soit error resistant design can then be used 1n a semicon-
ductor {fabrication process for forming semiconductor
devices having increased solt error resistance.

In one specific embodiment only one cell 1s replaced in
cach replacement step 103. In this embodiment test 104 1s
performed after each cell replacement. If the cell does not
increase timing of the critical path, another cell 1s replaced as
shown by arrow 140. This process continues until the replace-
ment increases critical path timing (step 105). When the cell
replacement increases critical path timing, the previous soft
error resistant design 1s used (which does not include the cell
that resulted 1n the change to critical path timing) and the
replacement criteria 1s altered to exclude that cell (the cell that
resulted in the change to the critical path timing) from the
replacement process. This process continues until all cells
have been tested, with all cells that do not result 1n changes to
critical path timing being replaced and all cells that increase
timing of the critical path timing not being replaced. The
resulting design will have high soft error resistance and wall
have the same device speed as the original design.

In one embodiment the steps of method 100 are performed
automatically using a software program that 1s operable on a
computer. In the present embodiment replacement criteria
and end criteria are mput prior to executing the software
program, providing a revised integrated circuit design having
high soft error resistance.

The soft error resistant design that 1s produced in accor-
dance with method 100 will have the same size and the same
number of cells as the nitial design generated 1n step 101.
However it will have higher soft error resistance than the
initial design generated in step 101. Accordingly, the soft
error resistant design will produce an integrated circuit device
on a semiconductor substrate having the same size as would
be formed using the mnitial design generated in step 101.
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Moreover, as the methods and apparatus of the present mven-
tion use cell substitution to create a soit error resistant design,
there 1s no need to add additional electronic circuits or com-
ponents (either in the form of additional cells or custom
circuitry) to the integrated circuit design. Thereby, the die size
and device density of the original design 1s maintained.

Although method 100 only tests the design based on criti-
cal path, 1t 1s appreciated that other test parameters could also
be used to assure that the replacement process does not nega-
tively affect the design. For example, heat generation models
could be used to determine whether the replacement process
negatively affects the temperature profile of the design. The
present invention 1s intended to cover all such alternative
embodiments.

The preferred embodiment of the present invention 1s thus
described. While the present invention has been described 1n
particular embodiments, 1t should be appreciated that the
present mnvention should not be construed as limited by such
embodiments, but rather construed according to the following
claims.

What 1s claimed 1s:

1. A method for generating an integrated circuit design
comprising;

selecting, on a computer, logic cells from a cell library so as

to define a first integrated circuit design, the cell library
including a first set of logic cells and a second set ot logic
cells, each cell 1n the second set of logic cells having a
higher soit error resistance than a corresponding cell 1n
the first set of logic cells, each cell 1n the second set of
logic cells performing the same function as the corre-
sponding cell 1n the first set of logic cells and each cell 1n
the second set of logic cells having the same cell size as
the corresponding cell 1n the first set of logic cells, the
first integrated circuit design including logic cells from
the first set of logic cells and not including logic cells
from the second set of logic cells; and

generating, on the computer, a soft error resistant design by

replacing some of the logic cells 1n the first integrated
circuit design with corresponding logic cells 1n the sec-
ond set of logic cells, the soft error resistant design
having higher soft error resistance than the first inte-
grated circuit design, having the same number of logic
cells as the first integrated circuit design and each
replaced logic cell 1n the first integrated circuit design
replaced by a corresponding cell 1n the second set of
logic cells that has the same function and the same cell
S1Z€.

2. The method of claim 1 wherein the soit error resistant
design does not have any additional electronic components as
compared to the first integrated circuit design.

3. The method of claim 2 wherein some of the cells in the
second set of logic cells have higher capacitance than the
corresponding cell 1n the first set of logic cells.

4. The method of claim 3 wherein some of the cells 1n the
second set of logic cells include Miller capacitors and
wherein corresponding cells 1n the first set of logic cells do
not include Miller capacitors.

5. The method of claim 1 wherein some of the cells in the
second set of logic cells include deep implant regions and
wherein corresponding cells 1n the first set of logic cells do
not include the deep 1mplant regions.

6. The method of claim 1 wherein some of the cells 1n the
second set of logic cells have the same threshold voltage as
the corresponding cell 1n the first set of logic cells.

7. The method of claim 6 wherein some of the cells in the
second set of logic cells have the same drive strength as the
corresponding cell 1n the first set of logic cells.
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8. The method of claim 1 wherein all of the cells 1n the
second set of logic cells have approximately the same thresh-
old voltage and approximately the same drive strength as the
corresponding cell 1n the first set of logic cells.

9. The method of claim 1 wherein the generating a soft
error resistant design i1s performed by a computer program
stored on a non-transitory computer-readable medium that 1s
executable by a computer, the computer program operable to
use replacement criteria and end criteria to generate the soft
error resistant design.

10. A method for generating an integrated circuit design
comprising;

selecting, on a computer, logic cells from a cell library so as

to define a first integrated circuit design, the cell library
including a first set of logic cells and a second set of logic
cells, each cell 1n the second set of logic cells having a
higher soft error resistance than a corresponding cell in
the first set of logic cells, each cell 1n the second set of
logic cells performing the same function as the corre-
sponding cell 1n the first set of logic cells and each cell 1n
the second set of logic cells having the same cell size as
the corresponding cell 1n the first set of logic cells, the
first integrated circuit design including logic cells from
the first set of logic cells and not including logic cells
from the second set of logic cells; and

generating, on the computer, a soft error resistant design

that has critical path timing that 1s not greater than the
critical path timing of the first integrated circuit design,
by replacing some of the logic cells 1n the first integrated
circuit design with corresponding logic cells 1n the sec-
ond set of logic cells and testing the soft error resistant
design to determine whether the critical path timing of
the soit error resistant design 1s greater than the critical
path timing of the first integrated circuit design, the soft
error resistant design having higher soft error resistance
than the first integrated circuit design, having the same
number of logic cells as the first integrated circuit design
and each replaced logic cell 1n the first integrated circuit
design replaced by a corresponding cell 1n the second set
ol logic cells that has the same function and the same cell
S1Z€.

11. A method as recited 1in claim 10 wherein the generating
a solt error resistant design that has critical path timing that 1s
not greater than the critical path timing of the first integrated
circuit design further comprises performing the following
steps on the computer:

replacing some of the logic cells 1n the first integrated

circuit design with corresponding logic cells 1n the sec-
ond set of logic cells;

testing to determine whether critical path timing 1s greater

than the critical path timing of the first integrated circuit
design; and

continuing to perform the replacing and the testing until the

testing 1indicates that the critical path timing 1s greater
than the critical path timing of the first integrated circuit
design.

12. A method as recited in claim 11 further comprising
forming an integrated circuit device using the soft error resis-
tant design that has critical path timing that 1s not greater than
the critical path timing of the first integrated circuit design.

13. The method of claim 12 wherein the soft error resistant
design that has critical path timing that 1s not greater than the
critical path timing of the first integrated circuit design 1s the
soit error resistant design that 1s generated immediately prior
to the soft error resistant design that has critical path timing,
that 1s greater than the critical path timing of the first inte-
grated circuit design.
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14. A method as recited in claim 10 wherein the generating
a solt error resistant design that has critical path timing that 1s
not greater than the critical path timing of the first integrated
circuit design further comprises performing the following
steps on the computer:

replacing some of the logic cells 1 the first integrated

circuit design with corresponding logic cells 1n the sec-
ond set of logic cells;

testing to determine whether critical path timing 1s greater

than the critical path timing of the first integrated circuit
design;

continuing to performthe replacing and the testing until the

testing 1ndicates that the critical path timing 1s greater
than the critical path timing of the first integrated circuit
design; and

after the testing indicates that the critical path timing 1s

greater than the critical path timing of the first integrated

circuit design:

altering replacement criteria, and

continuing to replace some of the logic cells 1n the first
integrated circuit design with corresponding logic
cells 1n the second set of logic cells using the altered
replacement criteria and continuing to test whether
critical path timing 1s greater than the critical path
timing of the first integrated circuit design until the
testing indicates that the critical path timing 1s greater
than the critical path timing of the first integrated
circuit design.

15. A method as recited 1n claim 10 wherein the first inte-
grated circuit design includes a memory core and wherein the
generated soft error resistant design that has critical path
timing that 1s not greater than the critical path timing of the
first integrated circuit design includes the same memory core.

16. A method for generating an integrated circuit design
comprising;

selecting, on a computer, logic cells from a cell library so as

to define a first integrated circuit design, the cell library
including a first set of logic cells and a second set of logic
cells, each cell 1n the second set of logic cells having a
higher soit error resistance than a corresponding cell 1n
the first set of logic cells, each cell 1n the second set of
logic cells performing the same function as the corre-
sponding cell in the first set of logic cells and each cell in
the second set of logic cells having the same cell size as
the corresponding cell 1n the first set of logic cells, the
first integrated circuit design including logic cells from
the first set of logic cells and not including logic cells
from the second set of logic cells;

testing, using a computer program operable on the com-

puter, to determine critical path timing of the first inte-
grated circuit design;

replacing, using the computer program operable on the

computer, some of the logic cells in the first integrated
circuit design with corresponding logic cells 1n the sec-
ond set of logic cells;

testing, using the computer program operable on the com-

puter, to determine whether critical path timing 1is
greater than the critical path timing of the first integrated
circuit design; and

continuing to perform the replacing and the testing, but not

replacing those logic cells 1n the first integrated circuit
design that generate a soft error resistant design having
critical path timing that 1s greater than the critical path
timing of the first integrated circuit design, so as to
generate a solt error resistant design having critical path
timing that 1s not greater than the critical path timing of
the first integrated circuit design.
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17. The method of claim 16 wherein the first set of logic
cells includes a first set of AND cells, a first set of NAND
cells, a first set of OR cells and a first set of NOR cells and

turther wherein the second set of logic cells includes a second

set of AND cells, a second set of NAND cells, a second setof 5

OR cells and a second set of NOR cells, each cell in said
second set of logic cells having higher soft error resistance
than a corresponding cell 1n the first set of logic cells and each
cell 1n the second set of logic cells performing the same
function as the corresponding cell 1n the first set of logic cells
and having the same cell size as the corresponding cell 1n the
first set of logic cells, each logic cell 1n the second set of AND
cells having higher soft error resistance that a corresponding
cell 1n the first set of AND cells, each logic cell in the second
set of NAND cells having higher soft error resistance than a
corresponding cell 1n the first set of NAND cells, each logic
cell 1n the second set of OR cells having higher soft error
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resistance than a corresponding cell 1n the first set o OR cells
and each logic cell 1n the second set of NOR cells having
higher soft error resistance than a corresponding cell in the
first set of NOR cells.

18. The method of claim 16 wherein each cell 1n the second
set of logic cells has approximately the same voltage thresh-
old as the corresponding cell 1n the first set of logic cells.

19. The method of claim 16 wherein each of the cells 1n the
second set of logic cells have approximately the same drive
strength as the corresponding cell in the first set of logic cells.

20. A method as recited 1n claim 16 wherein the first inte-
grated circuit design includes a memory core and wherein the
solt error resistant design that has critical path timing that 1s
not greater than the critical path timing of the first integrated
circuit design includes the same memory core.
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